The varying length of the 11-year cycle has been found to be strongly correlated with longterm variations of the northern hemisphere land surface air temperature since the beginning of systematic temperature variations from a global network, i. e. during the past 130 years. Although direct temperature observations before this interval are scarce, it has been possible to extend the correlation back to the 16th century due to the existence of a series of proxy temperature data published by Groveman and Landsberg in 1979. Reliable sunspot data do not exist before 1750, but we have been able to derive epochs of minimum sunspot activity from auroral observations back to 1500 and combine them with the direct observations to a homogeneous series.
Introduction
Variations in the activity of the Sun greatly influence the physics of the upper atmosphere. Thus, magnetic disturbances, occurrence of auroras at low latitudes, sporadic ionization above -80 km altitude, and -as a consequence of the latter -reduced quality of shortwave radio transmissions all appear to follow the approximately 11-year soler activity cycle. This cycle is most distinctly seen in two observed parameters: the sun-spot number and the 10,7 cm radiation. For analytical purposes the intensity of the 10,7 cm radiation may be the best suited, but it has the drawback that observations were first initiated in the 1950s. For studies involving longer data series the only usable directly observed signature of solar activity is the varying number of sunspots. This has been subject of observation through several hundred years and may be regarded as reliable since 1750 (Eddy, 1976) . The sunspot number, generally denoted R, is highly correlated with the 10,7 cm flux.
In Fig. 1 is shown the average monthly sunspot number from 1750 to 1992. It is evident that the monthly mean sunspot number is affected by noise that is superposed on an assumed and apparent quasi-regular 11-year period. In applications of the sunspot number a method of weighted 13-months running mean has traditionally been used in order to avoid the month-to-month variations. In addition to the very clear approximately 11 year period in the monthly sunspot number, it is observed that the magnitude of the maximum sunspot number in each 11-year cycle changes in an apparently oscillatory way. This oscillation with a period of about 70 to 90 years has been named the Gleissberg period.
Given all the evidence of a solar influence on the upper atmosphere it has been natural to expect a similar relation in the variability of weather and climate. umerous reports about this item have been published, but often they have suffered from poor statistical significance and from being restricted to a too short span of years. One exception of particular interest is the study by Labitzke and Van Loon (1997), who reported on statistically convincing correlations between the 11-year solar activity and selected parameters in the stratosphere and upper troposphere. A distinct 10-12 year period in height and temperature of certain isobar sheets was shown to be phaselocked to the solar activity cycle during the last three cycles. Although many meteorologists rejected the association, careful statistical tests demonstrated that the probability of the effect being just a coincidence is less than 1%. Friis-Christensen and Lassen (1991) pointed out a major difficulty with Reid's interpretation. They examined the northern hemisphere land air temperature and noted that this record was leading both the SST record and the sunspot record by as much as 20 years. From this discrepancy they concluded that if a cause and effect relation between solar activity and terrestrial climate is to be maintained, it is unlikely that long-term variations of solar activity can be sufficiently well represented by some average value of the sunspot number itself. But as they pointed out there are other parameters of solar activity that indicate that the sunspot number is probably not necessarily also a good indicator of long-term changes. An example is the geomagnetic activity that is caused by the interaction between the solar wind and the geomagnetic field. There is a fundamental difference in the long-term behavior of the sunspot number and the geomagnetic activity (Fig.2) .
Global temperature and sunspot number
Whereas the sunspot number returns to near zero at each 11-year minimum, the 11-year geomagnetic activity variations are superposed on a long-term variation of similar amplitude includinging a nearly monatomic increase from 1900 to 1950. This has been interpreted as a signature of an increase in the solar wind velocity through the century. The observed long-term variation in solar energy output by means of the solar wind suggests that similar long-term changes in other manifestations of solar energy output may have occurred.
Instrumental temperature and solar cycle length
A different solar parameter showing long-term changes is the length of the approximately 11-year sunspot cycle. This quantity is far from being constant. It is known to vary with solar activity so that high activity implies short solar cycles whereas long solar cycles are characteristic for low activity levels of the Sun. Gleissberg (1944) demonstrated that the variation occurred in a systematic manner with a periodicity of 70-90 years similar to, but not exactly in phase with the variation of the magnitude of the sunspot number.
The sunspot cycle length record is subject to "noise", due to the fact that the time of the start of a cycle cannot be easily defined because of the presence of short-term variatiations in solar activity that obscure this (Fig.l) . This is the case when the minimum activity in the "11-year" cycle is regarded as the start of the cycle, but it is even more difficult to define the start of a cycle by means of the time of maximum solar activity. Therefore, the cycle length record must be filtered (Fig.3) .
In order to reveal the essential behavior of the sunspot cycle, Gleissberg applied a low-pass filter with coefficients 1-2-2-2-1 to the series of individual sunspot maximum and minimum epochs, respectively. This filter has been used traditionally. Occasionally, it may, however, be preferable to use a binomial filter with coefficients 1-2-1 to avoid too strong smoothing that might mask important details in the time series.
Friis-Christensen and Lassen (1991) demonstrated that the correlation between the northern hemisphere land surface air temperature and solar activity was markedly improved when the sunspot number was replaced by the length of the solar cycle as an index of the long-term variability of the Sun, and it was concluded that this parameter appears to be a possible indicator of long-term changes in the total energy output of the Sun (Fig.4) .
The high correlation between an indicator of long-term solar activity and global mean temperature through a little more than a century is, however, not a proof of the existence of a physical relationship between solar activity and global temperature. In principle, it can not be excluded that the temperature by mere chance has varied in concert with the solar activity just in the present period. Accordingly, it is necessary to try to expand the interval to a longer span of years as well as to other, independent data series to check the result.
Solar cycle length 1500-1990
Several attempts have been made to extend the sunspot record back in time. Since the occurrence of low-latitude auroral displays is known to be controlled by solar activity it has been generally accepted that they may be used as proxy data in the study of the 11-year sunspot variation. Sunspot numbers prior to 1750 as well as epochs of maxima and minima have been computed from catalogues of auroral sightings from Central Europe and East Asia, but the reliability of this data set has Seen questioned (Eddy 1976). However, an improved record of the number of auroral nights for the past 500 years was published by Silverman (1992) . In his presentation of the secular variation of low-latitude aurora 1500-1948 there is a clear indication of a decadal variation of the number of auroras also prior to 1750.
Silverman's figures have been used to estimate the epochs of minimum occurrence of lowlatitude auroral displays and sunspots during the interval 1500-1948 (Lassen and FriisChristensen, 1995). It was not found justified to try to make a similar estimate for sunspot maxima, since it is known that maximum auroral frequency may be delayed several years relative to the sunspot maximum, depending on the character of the actual solar cycle. 
The overlap in time between

Temperature and solar cycle 1500-1990
The completed list of solar cycle lengths has been compared with time series of climate data in order to extend the examination of the assumed association between climate and solar variability as far back in time as the climate data allow.
A comprehensive reconstruction of the northern hemisphere temperature since 1579 was achieved by Groveman and Landsberg (1979) . They used several local temperature measurements together with proxy data from many places in the northern hemisphere and performed a multiregressional analysis of the data that resulted in a set of empirical formulas relating each proxy data series to the measured northern hemisphere temperature. Using this set of empirical relations they then calculated the temperature for the northern hemisphere.
In Fig.7, upper 
